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Power and Service Costs
By Frederic William Kilduff

Although the problems that deal with the mechanical and
operating efficiency of the generation, transmission and appli
cation of power and services lie within the province of the en
gineer, the financial efficiency is for the accountant to decide. By
financial efficiency is meant the ascertainment of the costs of the
various elements in the power classification and the comparison
of them with some ideal standard.
Since the word power has by usage come to be considered
electrical power, when used in reference to costs, this definition
will be applied to the following discussion, and all other power,
whether expended on prime movers or not, will fall within the
classification of services. Theoretically, this is not correct, for
services are usually conveniences instituted for the benefit of
the employees. But practically this arrangement is satisfactory
and has the approval of engineers and accountants who have
given the subject enough study. To classify high pressure steam
and drinking water under the same head seems hardly logical, for
one is indeed power used for production, while the other has
nothing to do with transmitting its energy to a machine or engine
but is merely a convenience for the worker. Nevertheless, it
has been found more advantageous to use the following classifi
cation of power and services as shown below with the units by
which their costs are measured.
Power
Name
1. Power

Unit
K. W. H. (kilowatt hours)

Services
1,000 lbs.
1. High pressure steam
2. Low pressure (process) steam 1,000 lbs.
3. Lavatory hot water
1,000 gals.
4. Cold water
1,000 gals.
5. Drinking water
1,000 gals.
1,000 cubic feet
6. Compressed air
1,000,000
B. T. U.
7. Heat.
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In this classification there are two units that will probably
cause trouble in understanding to the accountant with little or no
mechanical experience. These units are kilowatt hours and B. T. U.
(British thermal unit). Perhaps it will clear up matters a little
if the accountant will realize that as gallons and pounds are the
names of units by which various substances are measured, so
kilowatt hour is the name of a unit by which electrical power is
measured, and British thermal unit is the name given to a unit
by which heat is measured. Their electrical or thermal equiva
lents may easily be found in any number of books on engineer
ing or physics.
Power and service costs are separated for accounting and
engineering reasons, into three divisions:
a. Generation cost.
b. Transmission cost—from powerhouse to outside walls
of manufacturing buildings.
c. Transmission cost—within manufacturing buildings.
In a manufacturing plant with its power house detached from
the manufacturing buildings, the following definitions of the above
divisions will hold true invariably, while if the power house is
not so detached, conditions will slightly change. Our discussion
assumes the first condition.

Generation cost
Generation cost is that cost incurred in changing one form of
energy into another. It constitutes all the costs within the power
house—the supplies, the coal, the labor, the overhead consumed
in this conversion. In the case of power this generation cost is
carried up to the busbars, while in case of services, the cost of
generation is carried up to the meters just before the different
elements leave the power house.
Transmission cost (from powerhouse to outside walls of manu
facturing buildings')
This cost considers only the cost of transmitting the various
forms of energy (power and services) from the power house to
the outside walls of the manufacturing buildings. The cost is
chiefly a maintenance charge, and has most to do with the re
pairing and upkeep of the transmission lines, either wiring or
piping.
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Transmission cost (inside the manufacturing buildings)

This is the cost of maintaining and operating the various
transmission lines within the manufacturing buildings themselves.
It includes internal transmission cost up to the point where the
energy is used.
In dividing our power and service costs into the three divisions
as shown above, it is possible at times to adjust our power and
service rates by the correction of perhaps one separate division
instead of all, should only one flat rate from generation to appli
cation be used. Again, the division allows for a comparison not
only with each other, but with division rates for different periods
and different plants of the same concern. If there are marked
differences, the explanation for these, such as load factors, time
of operation, etc., should be forthcoming. The increasing or the
decreasing of equipment in operation—with qualifications, of
course—reduces or raises respectively the cost per unit of power
or service. This results from the fact that additional operated
equipment increases the units consumed in a greater percentage
than the rise in the percentage of cost, and vice-versa where the
opposite is true.
As the total cost of any of the eight classes is separated into
three divisions described above, so each division in turn is also
separated into three subdivisions. In other words, generation,
transmission external and transmission internal costs are each
composed of the following:
1. Operation cost.

2. Maintenance cost.
3. Fixed charges of capital.
Operation cost is that charge resulting from the supplies and
labor consumed to keep the generating units in motion. Main
tenance cost represents the expenses incurred in the upkeep of
generation and transmission equipment. Fixed charges of capital
represent the cost of the service of capital.
If the analysis is carried still further and if generation cost
be used as an example to illustrate the other two divisions, the
following schedule will result:
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Generation cost

1. Operation cost
a. Material
b. Labor
c. Overhead
2. Maintenance cost
a. Material
b. Labor
c. Overhead
3. Fixed charges of capital
a. Depreciation
b. Obsolescence
c. Insurances
d. Taxes
Having prepared the outline above, it at once becomes apparent
that items which compose it must be supported by details that
originate from some record such as time slips, material requisi
tions, purchase journal or journal entry. Although the details
below, under each caption of material, labor and overhead, may
not be all inclusive, yet they are believed to be comprehensive
enough to illustrate. It will be remembered that the cost of
generation is being used as an example of all three divisions.

Generation cost
1. Operation cost
a. Material
1. Coal
2. Water
3. Lubricants
4. Miscellaneous materials
5. Miscellaneous charges
b. Labor
1. Boiler room
2. Turbine room
3. Pump room
4. Compressors
5. Refrigerating
6. Electrical
7. Miscellaneous
430
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c. Overhead

1.
2.
3.
4.

Proportionate
Proportionate
Proportionate
Proportionate
labor
5. Proportionate

2.,

part of janitors’ labor
part of watchmen’s labor
part of chief engineer’s labor
part of chief engineer’s assistant’s

part of power engineer’s force

Maintenance cost

a. Material for
1. Building
2. Boilers
3. Boiler room auxiliary apparatus
4. Turbines
5. Pumps
6. Compressors
7. Refrigerating machinery
8. Auxiliary apparatus
9. Electrical apparatus
10. Piping
11. Wiring
12. Miscellaneous
b. Labor for

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Buildings
Boilers
Boiler room auxiliary apparatus
Turbines
Pumps
Compressors
Refrigerating machinery
Auxiliary apparatus
Electrical apparatus
Piping
Wiring
Miscellaneous
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c. Overhead
1. Same items as make up overhead on operation cost
2. Proportionate part of works engineer’s office force

Fixed charges of capital
a. Depreciation
b. Obsolescence
c. Insurances
d. Taxes
These fixed charges apply, first, to the land occupied by the power
house and all other land necessary for its operation, such as coal
storage and condenser ponds; second, to the power house building
itself and all auxiliary structures such as oil houses, bunkers and
chimneys; third, to all equipment within the power house covered
by the twelve classes already given.
For generation cost, then, fixed charges of capital apply on
the following investments:
1. Land used by power house.
2. Power building and auxiliaries.
3. Equipment necessary for generation or conversion.
It is not practicable to analyze in detail the charges that make
up the eight separate classes of power and service costs, in the
same manner as described above in finding the cost of the genera
tion of power. There are two reasons for this: first, it would
require too much accounting to obtain the necessary information;
second, no real benefit would accrue from the extreme accuracy,
the more practical way being nearly as accurate and just as good
for engineering and administrative purposes.
The method used in practice to ascertain the cost of genera
tion is to total up the material, labor and overhead in all the
operating and maintenance costs, and distribute this total to the
various power and service divisions on the basis of the steam
heat consumed by each division. Then to the amounts that are
applicable to each division are added the fixed charges of capital
applied to the investment in the equipment, plus a proportion of
the capital charges on the land and buildings. This proportion
is based on the percentage that the equipment in each division
bears to the entire equipment of all divisions.
3.
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The power department reports of any well organized manu
facturing concern will show the number of million B. T. U.’s
going to the various units, and if the heat that each unit absorbs
is compared with the total heat absorbed by all units, it will give
a percentage to each, which can be applied against the total gener
ation cost—that is, operating and maintenance.
For example, if during a given period the total number of
B. T. U.’s absorbed by all power and service divisions were
102,205 million, and the number absorbed by each division were
that shown in column one (1), the percentages shown in column
two (2) would be the percentages used to distribute the operating
and maintenance cost for that period. Let $20,000.00 be the total
cost for the period and column three (3) will be the distribution.
Generation Cost
Operating and maintenance

Name

Power
High pressure steam
Low pressure steam
Hot water
Cold water
Drinking water
Compressed air
Heat

Totals

Per cent.

Distribution

54,857
9,539
8,286
1,556
501
66
3,500
23,900

53.69
9.33
8.11
1.52
.49
.06
3.42
23.38

$10,738.00
1,866.00
1,622.00
304.00
98.00
12.00
684.00
4,676.00

102,205

100.00

$20,000.00

Million B. T. U.’s

The first step in finding the generation cost of the eight divi
sions is to distribute the total operating and maintenance expenses
within the power house to these divisions on the basis of the
heat units consumed by each. This has been shown in the illus
tration above.
The next and final step is to ascertain the capital charges on
the equipment, buildings and land used by each division. To
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find the investments in the equipment is not difficult, for a proper
analysis of the equipment account will produce them. To find
the proportions of the land and buildings occupied and apportion
able to each division is not so easy. In fact, due deliberation
must be given as to the correct method to be used, as a method
hastily adopted may lead to inaccurate costs. In the majority
of cases the following method may be used to advantage.
First find the investment in the land and buildings used in
the production of power and services. Next find the investment
in the equipment of each separate division, and totaling all equip
ment thus found, compute the percentage that each division bears
to this total. Then apportion the investment in land and buildings
according to these eight percentages.

For example, let the following illustrate:

Amount of investment
in equipment
Name of division
Power
High pressure steam
Low pressure steam
Hot water
Cold water
Drinking water
Compressed air
Heat

Totals

Per cent. to total
equipment

$400,000.00
30,000.00
20,000.00
6,000.00
3,000.00
7,000.00
80,000.00
150,000.00

57.5
4.3
2.9
.8
.4
1.1
11.5
21.5

$696,000.00

100.0

Now, having found these percentages, and assuming that the
investment in the land is $4,000.00 and the investment in the
buildings is $300,000.00, a schedule may be made in the form
below.

$4,000.00

Land,

Buildings, 300,000.00
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Name of division
Power
High pressure steam
Low pressure steam
Hot water
Cold water
Drinking water
Compressed air
Heat
Totals

Percentage
to be used
57.5
4.3
2.9
.8
.4
1.1
11.5
21.5

Investment
in land
apportioned
$2,300.00
172.00
116.00
32.00
16.00
44.00
460.00
860.00

Investment
in buildings
apportioned
$172,500.00
12,900.00
8,700.00
2,400.00
1,200.00
3,300.00
34,500.00
64,500.00

100.0

$4,000.00

$300,000.00

The point has now been reached where, the capital invest
ments having been brought together, it is possible to apply the
capital charges, namely, depreciation, obsolescence, insurance and
taxes. It will be seen upon a moment’s reflection that all these
charges will not be placed against the investment divisions. For
instance, while all may be said to apply against equipment and
buildings, taxes only are chargeable to land.
In regard to the charge for depreciation, it may be of interest
to know that our best steam engineers consider that the power
house building itself should have the same rate of depreciation
as the equipment for the generation of power, namely, the tur
bines and generators. This rate is approximately 5 per cent. The
engineers contend that when the time comes when new or per
haps larger units are to be installed, it is economically and
mechanically better to build a new power house.
The charges for insurance and taxes can easily be found by
a proper analysis of the above two accounts and a proper distri
bution to the eight divisions.
Thus having obtained the expense of operation and main
tenance, and having found the proper charges for the use and
protection of the capital investment, a final amount is found
which, if divided by the units consumed during the period covered
by the cost figures, gives the unit cost of the power or service.
The accompanying schedule will illustrate.
435
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consumed
2,000,000 K. W. H.
9,000,000 Lbs.
5,500,000 Lbs.

$4,150.00

Totals ....................

$1,666.66

$958.00
71.78
48.03
14.05
7.03
17.24
191.60
358.93

Fixed charges
Depreciation and Insurance and
obsolescence
taxes
$2,385.42
178.75
119.58
35.00
17.50
42.92
477.08
893.75

Totals ................

Name
Power .............................
High pressure steam ....
Low pressure steam ....
Hot water ..................
Cold water ...................
Drinking water ............
Compressed air .............
Heat ...............................

Heat

purpose
K.W.H.
1,000 Lbs.
1,000 Lbs.

1,000 Gal.
900,000 Gal.
1,000 Gal.
15,000,000 Gal.
1,000 Gal.
150,000 Gal.
1,000 Cu. Ft.
50,000,000 Cu. Ft.
............................. ,000,000 B. T. U. 23,900 Million B.T.U.

Name
Power ...........................
High pressure steam ...
Low pressure steam ....
Hot water ....................
Cold water ....................
Drinking water .......
Compressed air ...........

_

Total

$5,816.66

$3,343.42
250.53
167.61
49.05
24.53
60.16
668.68
1,252.68

_

$696,000

$400,000
30,000
20,000
6,000
3,000
7,000
80,000
150,000

$20,000

684
4,676

12

$10,738
1,866
1,622
304
98

$25,816.66

$14,081.42
2,116.53
1,789.61
353.05
122.53
72.16
1,352.68
5,928.68

Total cost

$300,000

$172,500
12,900
8,700
2,400
1,200
3,300
34,500
64,500

Investment
Total units
Equipment
Buildings

Operating
and
maintenance cost

$1,000,000

$574,000
43,072
28,816
8,432
4,216
10,344
114,960
215,360

Unit for cost
investment

GENERATION

COST OF POWER AND SERVICES

$ ..............

24802

$.007041
.23517
.3253
.39227
.00817
.481
027053

Unit cost

$4,000

44
460
860

172
116
32
16

$2,300

Total
Land
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